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ABSTRACT

It is impossible to imagine a sugar mill or refinery without various filtration steps. Over the
past decades many well-known as well as especially customized technologies have been
operated and tried within different stages of the sugar production process and its related
industries like molasses or starch.

For all of these process steps applies the same, improving the filtration efficiency means:

Improving the overall mill or refinery efficiency
Raising capacity by enhancing the yield
Reducing the losses of valuable product
Lowering the cost for production as well as for maintenance
Improving end product quality

and therefore be able to have a surplus in a more and more competitive market.

The Lenzing Technik GmbH has been successful in the field of filtration for more than 40
years now and delivers remarkable benefits to the sugar industry with their unique filtration
technologies.

This paper describes how the Lenzing OptiFil® can be used in four different operation modes
at various filtration steps of the sugar production process like standard liquour, thick juice,
molasses, betaine molasses, re-melted raw sugar or polishing of starch solution.
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Efficiency improvement through unique automatic backwash filter

1. INTRODUCTION

Filtration is a key process for nearly every kind of production process, but especially within
sugar production there are various steps, where filtration can make the difference between
successful and other production sites.

The Filtration process determines the product quality, the yield of downstream processes as
well as the overall mill efficiency. Additionally, it has a non-negligible influence on costs.
Especially in competitive industries costs have, beside the key factors of safety and quality,
an important impact on competitiveness. Even more after 30th of September 2017 when the
sugar market is going to become free of governmental limitations.

This paper describes how the Lenzing Technik GmbH and its unique automatic backwash
filter Lenzing OptiFil® can add benefit to sugar mills and refineries worldwide.

Starting with the working principle and the four different operation modes of the Lenzing
OptiFil®, this paper will also describe achieved results with test skids and fix-installations for:

Thick juice and standard liquor

Molasses and betaine molasses

Re-melted raw sugar

Polishing of starch solution.

2. LENZING OptiFil®

The Lenzing Technik GmbH is successful in the field of filtration for more than 40 years now.
Starting in the field of filtration of high viscose spinning solution the unique automatic
backwash filter KKF has been redesigned for lower viscose applications some 10 years ago,
resulting in the patented Lenzing OptiFil® design.

2.1. Working Principle

The Lenzing OptiFil® is a fully automatic, continuous system that is able to work in 4 different
operation modes. A metal or synthetic fiber fabric or fleece is used as filter media, retaining
particles of different sizes either inside or on its surface. After the pre-determined degree of
contamination has been reached, the filter material is cleaned by backwashing a small
quantity of filtered medium, with continuous filtration during backwashing.

In detail, the filter material of the Lenzing OptiFil® is installed outside a perforated supporting
structure (“perforated drum”). Filtration takes place from inside, “Room P1” (Unfiltrate), to



outside, “Room P2” (Filtrate), of the filter drum. During the partial backwash from “Room P2”
(Filtrate) to “Room P3” (Concentrate), the impurities are completely discharged within a few
seconds, using a small amount of filtrate to force it out of the filter.

Figure 1 shows the operating principle and setup of the filter in detail.

Figure 1: Working principle Lenzing OptiFil®

2.2. Operation modes

As mentioned earlier the Lenzing OptiFil® can work according to 4 different operation modes:

Surface filtration

Depth filtration

Cake filtration

Precoat filtration

Subject to filtration requirements and fluid characteristics, the filtration mode is determined.
The following passage of this paper describes the principles as well as the surrounding
conditions of the 4 operation modes in detail.



2.2.1. Surface filtration

Theoretical background

Surface or blockage filtration describes the mechanism, how solids block the pores of a filter
media. This mechanism is most descriptive when soft and formable particles are filtered on a
sieve. In this case the differential pressure over the sieve rises exponentially after the solids
blocked the last free pore of the sieve, as shown in Figure 2.

Figure 2: Principle of surface filtration

OptiFil® and surface filtration

Applying this theoretical background on the Lenzing OptiFil® in an economic way requires a
fluid with solid contents below 100ppm and rather low viscosities typically below 100cP.

If these circumstances are fulfilled filtration ratings down to 5µm with losses for backwashing
below 1% can be achieved. Through the very fast and partial backwash, these low losses
can be reached while running a completely continuous system.

Figure 3: Working principle OptiFil® as a surface filter

Figure 3 shows one filtration cycle in principle. While at the left-hand side all pores of the
filter media are free, they become more and more blocked to the right-hand side until the
differential pressure triggers a backwash and the cycle starts again from the left to the right.

2.2.2. Depth filtration

Theoretical background

Figure 4 shows the principle of depth filtration, where solids are kept in the inside of a
permeable multilayer filter media until the filter media has reached its absorption capacity.
After that, the differential pressure increases either exponentially as already described above
or the critical differential pressure leads to a break-through of the impurities into the filtrate.



Although the same principle applies for both, the single layers of the filter material as well as
for the surface or blockage filtration, the dirt holding capacity is significantly higher.

Figure 4: Principle of depth filtration

OptiFil® and depth filtration

By using sintered metal fibre fleeces the filtration rating can be brought down to 3µm
absolute filtration. Typically, this type of filtration is applied for suspensions with solid
contents below 500ppm containing soft and gel type particles.

Under these conditions filter material lifetimes of 6 to 24 months can be achieved while hard
crystalline particles would probably tend to block the fleeces permanently and may require a
CIP (Cleaning In Place) to recover the filter media from time to time.

Figure 5: Working principle OptiFil® as a depth filter

Figure 5 shows one filtration cycle in principle. While at the left-hand side all pores of the
filter media are free, they become more and more blocked to the right-hand side until the
differential pressure triggers a backwash and the cycle starts again. In the detailed picture on
the right side, the set-up of a metal fibre fleece is shown in principle.

2.2.3. Cake filtration

Theoretical background

During cake filtration the solid particles settle on the filter media and build up a filter cake of
growing thickness. In the best case the resistance of the filter cake rises proportionally to its
thickness. At a continuous flow rate, the differential pressure rises proportionally to the
filtered volume.
As shown in Figure 6, typically the pores of the filter media have a bigger diameter than the
solid particles. However the particles tend to form solid bridges above the pores. Until this
happens it is possible that solid particles migrate into the filtrate.



Figure 6: Principle of cake filtration

OptiFil® and cake filtration

The key requirement for using the Lenzing OptiFil® as cake filtration equipment is that the
suspension contains particles which tend to form a permeable filter cake on the surface of
the filter media. If so even with a filter material with a mesh size of 25-50µm, filtration down to
1µm and rather high solid contents up to 1% are possible.

In some cases before the cake has built up sufficiently, the filtrate is still turbid, this can be
avoided by recirculating the first phase of filtrate. Typical cake thickness is between 0.5 and
2mm with a physical maximum of 5mm, which is the thickness of the perforated drum.

Figure 7: Working principle OptiFil® as a cake filter

Figure 7 shows the cake formation inside the boreholes of the perforated drum, on the
surface of the filter media, which is used as a support layer for the filter cake and does not
determine the degree of filtration.

2.2.4. Precoat filtration

Theoretical background

The theoretical background of precoat filtration is similar to cake filtration. The only difference
is that filter aid (typically Perlite, Diatomaceous earth or Cellulose) is added to the
suspension to form a permeable filter cake.
This can be done as precoat and / or bodyfeed depending on the requirements of the
filtration process and the characteristics of the particles.



Figure 8: Principle of precoat filtration

OptiFil® and precoat filtration

Precoat filtration is used whenever the particles are not forming an incompressible cake and
the degree of filtration has to be very fine. With some kinds of filter aid even a reduction of
turbidity and / or colour is possible.

In most of the cases, the filter aid is directly dosed into the suspension. It builds up a cake
mixed of filter aid and particles contained in the suspension.

Figure 9: Working principle OptiFil® as a precoat filter

Figure 9 shows the cake formation with filter aid as a precoat layer inside the boreholes of
the perforated drum on the surface of the filter media. The particle size distribution of the
filter aid determines the filter fineness in this process.

3. APPLICATIONS

3.1. Standard liquor / Thick juice

Application details

Thick juice is the result of evaporation of thin juice and has to be purified from solid contents
like burned sugar, ion exchange resins and any kind of deposits from the evaporator columns
or any upstream equipment. These impurities would otherwise cause inferiorities of the
produced sugar.



Figure 10: Visualization thick juice filtration

Operation conditions

In the following paragraph an installation of the OptiFil® in sugar beet - thick juice is explained
in detail. In the specific case, the thick juice out of the evaporation columns has the below
mentioned characteristics:

Temperature: 95°C
Viscosity: 35mPas
Sugar content: 76brix
Solid content: up to 20mg/L

Under these conditions one OptiFil® can handle up to 100m³/h of flow while performing a
backwash of 20 litres every 5 minutes. This results in thick juice losses for backwashing of
less than 0.5% at a filtrate quality of below 3mg/L in average. Coming back to the within
paragraph 2 explained operation modes, the OptiFil® is operating as a surface filter with a 10
or sometimes even 5µm woven fabric as filter media without requiring filter aid.

Competing technologies

Previously used equipments for this application are for example suction nozzle backwash
filter or disposable bag filters, both of them resulting in rather poor filtrate quality and high
efforts on manual operation for cleaning or bag exchange. Another kind of equipment which
is used in thick juice filtration are precoat candle or plate filters with usage of filter aid. This
kind of filters produce good filtrate-quality, but beside the high invest sum and complex
automation required, the usage of filter aid is critical in terms of health care as well as
running costs.

Conclusion

Coming back to the introductory mentioned facts that are important for sugar mills or
refineries to be successful, they apply to an efficient thick juice filtration as follows:

Improve the overall mill or refinery efficiency
Achieved through low losses as well as a good filtrate quality

Raise capacity by enhancing the yield
There is no direct influence on the yield

Reduce the losses of valuable product
The efficient backwash results in losses below 0.5%



Lower the cost for production as well as for maintenance
No filter aid and no service required during campaign

Improve end product quality
Solid content below 3mg/L in the filtrate

3.2. Molasses

Application details

To increase the amount of sugar produced from the raw material used, some sugar factories
are recovering the sugar out of the molasses. Therefore, the molasses out of the last
centrifugation step gets filtered before recovering the sugar in a highly sensitive
chromatographic process. To protect the chromatography and to increase its performance,
the requirements in this filtration step are rather high.

Figure 11: Visualization molasses filtration

Operation conditions

The initial values for the molasses are around these figures:

Temperature: 80 - 85°C
Viscosity: 5mPas
Sugar content: 60brix

In this application, the OptiFil® can work again as a surface filter with 10µm woven filter
media or if filtrate quality is not sufficient at 10µm, it can be operated as a precoat filter by
adding e.g. perlitic filter aid. If the feed varies and filtration has to be improved during
operation the operation modes can be changed easily. Hence, the amount of filter aid
required can be reduced to a minimum.

In some factories the betaine fraction out of chromatography is also processed, where the
OptiFil® can play a major role to do that as efficient as possible.

Competing technologies

To meet the high quality requirements many kinds of filtration equipment have been tried
without success. Up to now only candle or plate type precoat filters are used in molasses
filtration.



Conclusion

Improve the overall mill or refinery efficiency
Increasing the life time of the downstream chromatography

Raise capacity by enhancing the yield
Produce more sugar from the same amount of beets or cane

Reduce the losses of valuable product
The low reject losses can be recovered through the centrifuges

Lower the cost for production as well as for maintenance
Reduction or even omission of filter aid

Improve end product quality
Similar quality as with precoat filters

3.3. Re-melted raw sugar

Application details

In raw sugar refineries, crystalline raw sugar (typically cane from South America) is re-
melted, carbonated and then filtered to get rid of dirt, bagasse and most likely bagassilo. A
rather new approach is to filter the re-melted raw sugar right after the melting pan to be able
to save chemicals for carbonation and to unburden downstream process.

Figure 12: Visualization re-melted raw sugar filtration

Operation conditions

Depending on the raw sugar quality the feed parameter can vary in a wide range.
Additionally from shipment to shipment the impurities of the suspension can change due to
different upstream production sites and processes or parameter used within raw sugar
production.

As the particles, especially the fibrous bagasse, form a very thin filter cake on the surface of
the filter media, the OptiFil® operates as a cake filter. By using a 10µm woven filter media
around 80 to 85% of solids can be removed. By adding a second filtration stage e.g. with
5µm woven fabric or even 3µm fleece type filter media, the separation efficiency can be
increased.



Competing technologies

As this approach is rather new, there have not been long-term proved technologies available
yet. Nevertheless, the OptiFil® provides its benefits of a cost and performance efficiency in a
few trial installations already.

Conclusion

Improve the overall mill or refinery efficiency
Less downstream treatment required

Raise capacity by enhancing the yield
Pre-treatment leads to higher capacity of carbonization and thickening filtration

Reduce the losses of valuable product
Reject losses can be recovered through reject recovery

Lower the cost for production as well as for maintenance
Reduction of chemicals and filter aid consumption

Improve end product quality
Similar quality of end product, but less effort for the same result

3.4. Polishing of starch

Application details

The production of starch is not a topic that occurs in sugar mills, but is related and
sometimes or mostly done by the same operators.

After saccarification, the residues of the raw material like corn, wheat or potato have to be
removed from the resulting starch solution. This is done in at least two filtration steps as solid
concentrations are around 1% and above. Prior to the downstream ion exchanger process
the solution has to be polished as good as possible. Especially the sticky and glue type
particles would otherwise tend to block the resins.

Figure 13 shows a possible process layout of this application.



Figure 13: Visualization starch filtration

Operation conditions

After the first filtration step which removes the major load of solids, a fine filtration down to
1µm is required. Typically, precoat filtration with diatomaceous earth as filter aid is applied to
get rid of particles and turbidity.

The OptiFil® is typically equipped with a 25µm filter medium as a support layer for the cake
and can handle up to 10m³/h per unit.

Figure 14: Example of a precoat / filtration cycle

As obvious in Figure 14, the precoating phase of the OptiFil® is very short compared to the
filtration phase. This is caused by the very thin and uniform filter cake, required to achieve
clear filtrate. The reject can be recycled upstream the first filtration step.

Competing technologies

Approved technologies for this application are precoat candle or plate filters, which have
already been explained in this paper in paragraph 3.1 and 3.2.

Conclusion

To sum up this process and the advantage of using highly-efficient backwash filtration
technology, the key factors are:

Improve the overall mill or refinery efficiency
Less filter aid consumption

Raise capacity by enhancing the yield
No direct effect

Reduce the losses of valuable product



Reject losses can be recycled

Lower the cost for production as well as for maintenance
Lower hold up volumes as the process is getting nearly continuous

Improve end product quality
Similar quality of end product, with a simpler technology

4. SUMMARY

In sum this paper shows, that efficient filtration is a key to sustainable and economic sugar
production. Hardly any other industry has this variety of filtration tasks, while all of them need
to be as efficient as possible to succeed. While this paper shows the so far success with a
unique technology, there will be plenty of tasks not mentioned yet, but could also be treated
in a more efficient way.

This paper helps to see how different filtration principles work and that optimization in
filtration results in an optimized production.


